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(57) ABSTRACT

A piezoelectric vacuum gauge includes an actuator with a
flexible portion, an actuating unit, a sensor unit, a signal input
terminal and a signal output terminal, and a fixture unit having
a base portion and a cover portion. An external signal is
generated by a signal generator. Receive and transmit an
external signal to an actuating unit by the signal input termi-
nal so that the actuating unit has a vibration. Prompt a flexible
portion by the actuating unit to produce a first resonant
motion when the actuating unit having the vibration. The first
resonant motion converts into a second resonant motion
because the flexible portion is subject to a damping force of
ambient air. Prompt a sensor unit by the second resonant
motion to cause a shape transformation of the sensor unit to
generate a detecting signal. Output the detecting signal to an
external instrument by a signal output terminal of sensor unit
to calculate a vacuum pressure value.

16 Claims, 4 Drawing Sheets
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Generating the external signal by a signal generator
and sending the external signal to the signal input
terminal of the actuating unit
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Receiving and transmitting an external signal to an
actuating unit by the signal input terminal so that the
actuating unit having a vibration

¢ /813

Prompting a flexible portion by the actuating unit to
produce a first resonant motion when the actuating unit
having the vibration

¢ [Sl 4

The first resonant motion converts into a second resonant
motion because the flexible portion is subject to a
damping force of ambient air

¢ /815

Prompting a sensor unit by the second resonant motion
to cause a shape transformation of the sensor unit to

generate a detecting signal
¢ /SI 6

Outputting the detecting signal to an external instrument
by a signal output terminal of sensor unit to calculate a
vacuum pressure value

FIG. 6
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PIEZOELECTRIC VACUUM GAUGE AND
MEASURING METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention generally relates to a vacuum gauge. More
particularly, the invention relates to a vacuum gauge that
utilizes a piezoelectric material to convert a mechanical force
to electrical charges according to the direct piezoelectric
effect.

2. Description of the Prior Art

The conventional spinning rotor viscosity gauge comprises
a sensor, two vertical stability control circular coils, a steel
pipe and a steel ball. The steel ball is placed inside the steel
pipe and one end of the steel pipe is sealed. The steel pipe can
not be magnetized. In use, the steel ball is suspended between
two permanent magnets of the sensor. The two vertical sta-
bility control circular coils are provided between the two
permanent magnets to stabilize the steel ball in the vertical
direction. In addition, two additional acceleration circular
coils are provided to accelerate the steel ball. When the steel
ball is accelerated to 400 RPS, these acceleration circular
coils are turned off. The ball will slow down gradually due to
the viscosity of the remaining air. The change in the rotational
speed of the ball is then used to calculate the numerical value
of the vacuum or air pressure. However, such spinning rotor
viscosity gauge is too bulky and structurally complicated.
There is a need for a vacuum gauge that is smaller, highly
sensitive, highly accurate and of lower production cost and
has a wider range of measurements.

In 1961, the Becker’s research team developed a thin plate
type vacuum gauge. A thin plate is placed in a magnetic field
generated by a permanent magnet. Then, a motion signal is
fed to the thin plate to make it vibrate. Because such vibration
would cause a change in the magnetic field, an induced cur-
rent is generated in the thin plate. In addition, the damping
force of the ambient air or gas would reduce the amplitude of
such vibration and hence the induced current would be
reduced too. The change in the induced current is used to
measure the numerical value of the air pressure. However,
such thin plate type vacuum gauge is also structurally com-
plicated and more expensive.

In 2007, K. Yohei et al developed a quarts friction gauge.
Such quarts friction gauge is structurally simpler than other
types of viscosity gauge because it uses the difference in
impedance to measure the air pressure (the pressure varies
with impedance exponentially). However, because quarts has
a low efficiency in the conversion of mechanical force to
electricity, such gauge can not be used to measure lower
pressures near true vacuum.

In the viscosity vacuum gauge, the viscosity of the remain-
ing air or gas is utilized to measure the pressure. Damping
forces may be calculated by the following formula. With
regard to the free damping of a flexible object, the decay rate
of the vibration amplitude of the flexible object has a high
correlation with the damping force of environment.

As the damping force increases, the amplitude would
decrease. When an external simple harmonic force exerts on
a system, the following may be used to calculate the ampli-
fication rate of the system:
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where X is the amplitude; d, is the static replacement; r is the
ratio of the driving frequency and the natural frequency; C is
the ratio of the damping forces.

If £<0.05 and r=1 the driving frequency is equal to the
natural frequency), the amplification rate of the system will
be:

X 1
Tzl

Where Q is defined as “quality factor”, and there would be
two frequencies, R1 and R2 correspond to the amplitude

Q

h

R1 and R2 are called “half efficiency points™ and the difter-
ence between these two points is called bandwidth. There-
fore, we can obtain:

Ry - Ry
(=~

2w,

where ,, is the natural frequency of the system.
SUMMARY OF THE INVENTION

The object of the present invention is to provide a piezo-
electric vacuum gauge that employs the characteristics of
piezoelectric material, can simplify the complicated structure
of the vacuum gauge in the prior art and can detect smaller
numerical values of the pressures of vacuum.

To reach the object, the piezoelectric vacuum gauge of the
present invention is disclosed. The piezoelectric vacuum
gauge of the present invention comprises a piezoelectric
vacuum gauge, comprising: an actuator, including a flexible
portion, made of a long flexible material; an actuating unit,
connected to one end of the flexible portion, the actuating unit
further including a signal input terminal to receive an external
signal; and a sensor unit, connected to the other end of the
flexible portion, the sensor unit further including a signal
output terminal to output a detecting signal; wherein, the
actuating unit has a vibration to prompt the flexible portion to
produce a first resonant motion when the signal input terminal
receives the external signal, and the first resonant motion
converts into a second resonant motion because the flexible
portion is subject to a damping force of ambient air, and the
second resonant motion prompts the sensor unit to cause a
shape transformation of the sensor unit to generate the detect-
ing signals, and the signal output terminal outputs the detect-
ing signal to an external instrument to calculate a vacuum
pressure value.

In the invention, further including a signal generator, the
signal generator generates the external signal and sends the
external signal to the signal input terminal.

In the preferred embodiment, the actuating unit and the
sensor unit are made of a piezoelectric material.
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In the preferred embodiment, the piezoelectric material is
PZT (lead zirconate titanate), AIN (aluminum nitride) or ZnO
(zinc oxide).

In the preferred embodiment, further comprising a fixture
unit, the fixture unit fixes the actuator so as to keep the
actuator vibrates stably.

In the preferred embodiment, the fixture unit further com-
prises a base portion and two cover portions.

In the preferred embodiment, the base portion comprises a
first fixing portion, a second fixing portion and a central
recess, and wherein the central recess is located between the
first fixing portion and the second fixing portion, and wherein
a part of the actuating unit is placed on an upside of the first
recess and a part of the sensor unit is placed on an upside of
the second recess, and wherein two cover portions fitted to the
first fixing portion and the second fixing portion respectively
after the actuating unit is fitted to the first recess and the
sensor unit is fitted to the second recess so as to fix the
actuator.

In the preferred embodiment, the base portion and two
cover portions are made of an electrically insulating material.

An vacuum measuring method by using the piezoelectric
vacuum gauge, comprises the following steps: (1) receiving
and transmitting an external signal to an actuating unit by the
signal input terminal so that the actuating unit has a vibration;
(2) prompting a flexible portion by the actuating unit to pro-
duce a first resonant motion when the actuating unit has the
vibration; (3) converting the first resonant motion into a sec-
ond resonant motion because the flexible portion is subject to
a damping force of ambient air; (4) prompting a sensor unit by
the second resonant motion to cause a shape transformation
of'the sensor unit to generate a detecting signal; (5) outputting
the detecting signal to an external instrument by a signal
output terminal of sensor unit to calculate a vacuum pressure
value.

In the preferred embodiment, the method further com-
prises generating the external signal by a signal generator and
sending the external signal to the signal input terminal of the
actuating unit.

In the preferred embodiment, the actuating unit and the
sensor unit are made of a piezoelectric material.

In the preferred embodiment, the piezoelectric material is
PZT (lead zirconate titanate), AIN (aluminum nitride) or ZnO
(zinc oxide).

In the preferred embodiment, the method further com-
prises a fixture unit, and the fixture unit fixes the actuator so as
to keep the actuator vibrates stably.

In the preferred embodiment, the fixture unit further com-
prises a base portion and two cover portions.

In the preferred embodiment, the base portion comprises a
first fixing portion, a second fixing portion and a central
recess, and wherein the central recess is located between the
first fixing portion and the second fixing portion, and wherein
a part of the actuating unit is placed on an upside of the first
recess and a part of the sensor unit is placed on an upside of
the a second recess, and wherein the two cover portions fitted
to the first fixing portion and the second fixing portion respec-
tively after the actuating unit is fitted to the first recess and the
sensor unit is fitted to the second recess so as to fix the
actuator.

In the preferred embodiment, the base portion and two
cover portions are made of an electrically insulating material.

As of now, with the advancement of technology and sci-
ence, there is a need for vacuum gauges that can be used to
measure the vacuum pressure during process in lab or in the
development of products. In the prior art, the vacuum gauge
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has a complicated structure. The piezoelectric vacuum gauge
of the present invention has the following advantages:

(1) Structurally simple: The piezoelectric vacuum gauge of
the present invention is structurally simple—with an actuat-
ing unit (made of a piezoelectric material), a sensor unit
(made of a piezoelectric material) and a flexible portion. As
the vibration amplitude of the flexible portion is changed due
to the damping force of the remaining/ambient air, the sensor
unit can immediately detect such change and convert it into an
output signal.

(2) High accuracy: The sensor unit, which is made of an
easily available piezoelectric material, is able to detect
minute changes in the remaining/ambient air. In the produc-
tion of the piezoelectric vacuum gauge of the present inven-
tion, a piezoelectric material is plated onto the surface of the
flexible portion; therefore, production is greatly simplified.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view schematically illustrating the actuator
of the piezoelectric vacuum gauge of the present invention.

FIG. 2 is a perspective view schematically illustrating the
fixture unit of the piezoelectric vacuum gauge of the present
invention.

FIG. 3 is a perspective view of the piezoelectric vacuum
gauge of the present invention.

FIG. 4 is a top view of the piezoelectric vacuum gauge of
the present invention.

FIG. 5 is two views illustrating how the piezoelectric
vacuum gauge of the present invention works.

FIG. 6 is a flowchart illustrating how the piezoelectric
vacuum gauge of the present invention is used.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The features and advantages of the present invention will
be fully understood and appreciated from the following
detailed description of the accompanying drawings. Although
a preferred embodiment of the present invention will be
described in detail hereinabove, it should be understood that
the preferred embodiment is to be regarded in an illustrative
manner rather than a restrictive manner.

Please see FIG. 1, which illustrates the actuator of the
piezoelectric vacuum gauge of the present invention. The
actuator 1 comprises a flexible portion 11, an actuating unit
12, a sensor unit 14, a signal input terminal 13 and a signal
output terminal 15. The flexible portion 11 is made of a metal
or a plastic material and may return to its original condition
after an external force exerts on it. Both the actuating unit 12
and the sensor unit 14 are made of a piezoelectric material,
which may be PZT (lead zirconate titanate), AIN (aluminum
nitride) or ZnO (zinc oxide). The actuating unit 12 and the
sensor unit 14 may be plated or connected at the two ends/
sides of the flexible portion 11 and the flexible portion 11 is
free to vibrate between the actuating unit 12 and the sensor
unit 14. A periodical motion signal (generated by a sine wave
generator or a square wave generator) may be input through
the signal input terminal 13 to reach the actuating unit 12,
which would in turn start to vibrate. Such periodical motion
signal may cause the sensor unit 14 to deform and convert
such applied mechanical force into an electric signal, which
may be output through the signal output terminal 15 to an
external instrument, which may analyze and calculate such
output signal.

Please see FIG. 2, which illustrates the fixture unit of the
piezoelectric vacuum gauge of the present invention. The
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fixture unit 2 comprises a base portion 21 and two cover
portions 22. The base portion 21 comprises a first fixing
portion 211, a second fixing portion 212 and a central recess
213. The central recess 213 is located between the first fixing
portion 211 and the second fixing portion 212. The longitu-
dinal length of the central recess 213 or the distance between
the first fixing portion 211 and the second fixing portion 212
allows the flexible portion 11 to vibrate freely. The first fixing
portion 211 has a first recess 2111 on its upper part. The first
recess 2111 may hold the actuating unit 12. The second fixing
portion 212 has a second recess 2121 on its upper part. The
second recess 2121 may hold the sensor unit 14. The two
cover portions 22 may be fitted to the first fixing portion 211
and the second fixing portion 212 after the actuating unit 12 is
fitted to the first recess 2111 and the sensor unit 14 is fitted to
the second recess 2121 so as to fix the actuator 1. A hole 221
is provided in each cover portion 22 and is in communication
with the first recess 2111 or the second recess 2121.

Now, please refer to FIGS. 3 and 4. FIG. 3 is a perspective
view of the piezoelectric vacuum gauge of the present inven-
tion. FIG. 4 is a top view of the piezoelectric vacuum gauge of
the present invention. As shown in the drawings, the actuator
1 is fixed by the fixture unit 2, a part of the actuating unit 12
is held in the first recess 2111 (as shown in FIG. 2) and a part
of the sensor unit 14 is held in the second recess 2121 (as
shown in FIG. 2) so that the actuating unit 12 may vibrate
after a motion signal is fed to the actuating unit 12. The two
holes 221 may facilitate the electrical connection between the
signal input terminal 13 and the external instrument as well as
between the signal output terminal 15 and the external instru-
ment.

Now, please see FIG. 5, which illustrates how the piezo-
electric vacuum gauge of the present invention works. First, a
periodical motion signal is generated by an external motion
signal generator and is then fed to the actuating unit 12
through the signal input terminal 13. Then, the actuating unit
12 prompts the flexible portion 11 to start to vibrate. Because
both the actuating unit 12 and the sensor unit 14 are fixed, as
the actuating unit 12 prompts the flexible portion 11 to start to
vibrate, the flexible portion 11 would vibrate with an ampli-
tude of “a” according to the periodical motion signal. Now,
because the damping force of the remaining air (air viscosity)
would alter the vibration amplitude/pattern of the flexible
portion 11, the flexible portion 11 would vibrate differently
from the actuating unit 12 and the amplitude of the flexible
portion 11 would change into “b” (not indicated in the draw-
ings). Next, the numerical value of this amplitude will be
output through the signal output terminal 15 to the external
instrument to calculate the vacuum value corresponding to
this value.

From the above, we can see that the piezoelectric vacuum
gauge may provide a simple and swift way to measure the
pressures of vacuum. Please see FIG. 6, which is a flowchart
illustrating how the piezoelectric vacuum gauge of the
present invention is used.

First, in step S11: generating the external signal by a signal
generator and sending the external signal to the signal input
terminal of the actuating unit.

Then, in step S12: receiving and transmitting an external
signal to an actuating unit by the signal input terminal so that
the actuating unit having a vibration.

Next, in step S13: prompting a flexible portion by the
actuating unit to produce a first resonant motion when the
actuating unit having the vibration.

In step S14: converting the first resonant motion into a
second resonant motion because the flexible portion is subject
to a damping force of ambient air.
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In step S15: prompting a sensor unit by the second resonant
motion to cause a shape transformation of the sensor unit to
generate a detecting signal.

Finally, in step S16: outputting the detecting signal to an
external instrument by a signal output terminal of sensor unit
to calculate a vacuum pressure value.

Although a preferred embodiment of the present invention
has been described in detail hereinabove, it should be under-
stood that the preferred embodiment is to be regarded in an
illustrative manner rather than a restrictive manner, and all
variations and modifications of the basic inventive concepts
herein taught still fall within the scope of the present inven-
tion.

What is claimed is:

1. A piezoelectric vacuum gauge, comprising:

a signal generator, providing an external signal; and

an actuator configured in a detecting vacuum space of the

piezoelectric vacuum gauge, comprising:

adetecting portion with a predetermined length, made of
a flexible material;

an actuating unit, directly connected to one end of the
detecting portion, the actuating unit further including
a signal input terminal to connect the signal generator
and receive the external signal; and

a sensor unit, connected to the other end of the detecting
portion, the sensor unit further including a signal out-
put terminal to output a detecting signal;

wherein the detecting portion, part of the actuating unit,

and part of the sensor unit are all directly exposed to the
detecting vacuum space; and

wherein, the detecting portion is produced a first resonant

motion when the signal input terminal receives the exter-
nal signal, and the first resonant motion converts into a
second resonant motion because the detecting portion is
subject to a damping force of the detecting vacuum
space as the detecting portion with the predetermined
length, and a shape transformation of the sensor unit is
produced to generate the detecting signals according to
the second resonant motion, and the signal output termi-
nal outputs the detecting signal to an external instrument
to calculate a vacuum pressure value of the detecting
vacuum space.

2. The piezoelectric vacuum gauge as recited in claim 1,
wherein the signal generator generates the external signal and
sends the external signal to the signal input terminal.

3. The piezoelectric vacuum gauge as in claim 1, wherein
the actuating unit and the sensor unit are made of a piezoelec-
tric material.

4. The piezoelectric vacuum gauge as recited in claim 3,
wherein the piezoelectric material is PZT (lead zirconate
titanate), AIN (aluminum nitride) or ZnO (zinc oxide).

5. The piezoelectric vacuum gauge as recited in claim 1,
further comprising a fixture unit, wherein the fixture unit fixes
the actuator so as to keep the actuator vibrating stably.

6. The piezoelectric vacuum gauge as recited in claim 1,
wherein the fixture unit further comprises a base portion and
two cover portions.

7. The piezoelectric vacuum gauge as recited in claim 6,
wherein the base portion comprises a first fixing portion, a
second fixing portion and a central recess, and wherein the
central recess is located between the first fixing portion and
the second fixing portion, and wherein a part of the actuating
unit is placed on an upside of the first recess and a part of the
sensor unit is placed on an upside of the second recess, and
wherein the two cover portions fitted to the first fixing portion
and the second fixing portion respectively after the actuating
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unit is fitted to the first recess and the sensor unit is fitted to the
second recess so as to fix the actuator.

8. The piezoelectric vacuum gauge as recited in claim 1,
wherein the base portion and two cover portions are made of
an electrically insulating material.

9. A vacuum measuring method by using the piezoelectric
vacuum gauge, comprising the following steps:

(1) receiving and transmitting an external signal from a
signal generator to an actuating unit by the signal input
terminal so that the actuating unit having a vibration;

(2) prompting a detecting portion by the actuating unit to
produce a first resonant motion when the actuating unit
having the vibrating by the external signal;

(3) converting the first resonant motion into a second reso-
nant motion because the detecting portion is subjectto a
damping force of a detecting vacuum space of the piezo-
electric vacuum gauge;

(4) prompting a sensor unit by the second resonant motion
to cause a shape transformation of the sensor unit to
generate a detecting signal; and

(5) outputting the detecting signal to an external instrument
by a signal output terminal of sensor unit to calculate a
vacuum pressure value;

Wherein part of the actuating unit, the detecting portion,
and part of the sensor unit are configured in and directly
exposed to the detecting vacuum space of the piezoelec-
tric vacuum gauge.

10. The measuring method as recited in claim 9, further

comprising:
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generating the external signal by a signal generator and
sending the external signal to the signal input terminal of
the actuating unit.

11. The measuring method as recited in claim 9, wherein
the actuating unit and the sensor unit are made of a piezoelec-
tric material.

12. The measuring method as recited in claim 11, wherein
the piezoelectric material is PZT (lead zirconate titanate),
AIN (aluminum nitride) or ZnO (zinc oxide).

13. The measuring method as recited in claim 9, further
comprising a fixture unit fixing the actuator so as to keep the
actuator vibrating stably.

14. The measuring method as recited in claim 13, wherein
the fixture unit further comprises a base portion and two cover
portions.

15. The measuring method as recited in claim 14, wherein
the base portion comprises a first fixing portion, a second
fixing portion and a central recess, and wherein the central
recess is located between the first fixing portion and the
second fixing portion, and wherein a part of the actuating unit
is placed on an upside of the first recess and a part of the
sensor unit is placed on an upside of the a second recess, and
wherein the two cover portions fitted to the first fixing portion
and the second fixing portion respectively after the actuating
unit is fitted to the first recess and the sensor unit is fitted to the
second recess so as to fix the actuator.

16. The measuring method as recited in claim 13, wherein
the base portion and two cover portions are made of an elec-
trically insulating material.
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